iNtroDUCtioN
Knowledge is created, stored, transferred, and used at all levels of an organization in an attempt to achieve the goals of the organization. The organization's performance is strongly influenced by the extent to which the appropriate knowledge is available and utilized by those who need it (Badaracco, 1991) . Thus, organizations engage in a variety of methods of knowledge management in order to make available the knowledge that is needed. However, even when knowledge is available it is not always accessed by organization members (Nonaka & Takeuchi, 1995) . Some organization members may prefer or rely on certain types of knowledge rather than accessing all of the appropriate types of knowledge. This can result in suboptimal outcomes.
One knowledge characteristic that organization members may rely upon in differing amounts is its degree of tacitness. After Polanyi (1962 Polanyi ( , 1967 introduced the concept, the tacit character of knowledge has long been studied in the field of psychology and has begun to play a large role in other disciplines such as organizational behavior and management. Although some success has been achieved in indirectly measuring tacit knowledge (cf. Scribner, 1986) research has not yet been conducted that aligns the degree to which individuals rely on tacit knowledge with specific tasks.
Increasing our understanding of what types of knowledge that organization members are most likely to utilize can help organizations improve their knowledge management practices. For example, efforts by an organization to increase the amount of explicit knowledge that is created and made available to organization members for a particular project may be ineffective if organization members rely primarily on tacit knowledge. Instead the organization could consider increasing the amount of tacit knowledge available to the organization members or it could identify members who rely more on explicit knowledge and have them carry out the project. To do so implies that we can identify what tasks require a greater reliance on tacit knowledge to complete and which organizational members rely more on tacit or explicit knowledge in general.
An additional area of concern to managers is the degree to which tacit knowledge can affect competitiveness (Hall, 1992) . Explicit knowledge is typically much easier for competitors to copy because it can be codified and transferred easily (Nonaka & Takeuchi, 1995) . Therefore, if management can identify both the areas of their business that are more likely to use tacit knowledge and those in the organization who might be more inclined to rely on tacit knowledge, they can better match workers to tasks and thereby improve protection of knowledge which may have a strategic or other competitive value. Thus, a method to measure this type of knowledge would be useful to organizations to the extent that they would be better able to manage its use and protection.
From a researcher's perspective, the explicit/tacit character of knowledge is important to consider because studies that include knowledge as a variable of interest can have differing or erroneous outcomes if they do not measure the explicit/tacit character of the knowledge. For example, if organizations are being examined in regard to the amount of knowledge they possess and the resulting effect on organizational performance, the results may become muddled because firms may have a significant amount of explicit knowledge to help them create new products or processes, but those products and processes may be easily imitated by competitors and the organization's performance suffers as a result. Existing knowledge measurement approaches may show that the amount of knowledge in an organization may therefore not be positively associated with organizational performance. Moreover, researchers may find that a firm is very effective while appearing to possess limited knowledge when only explicit knowledge is measured and the amount of tacit knowledge is not also included in the measurement.
Grover and Davenport (2001) describe a framework for knowledge management research in which the process of knowledge begins with generation and ends in a realization or outcome. In the middle, knowledge can be codified and transferred and researchers are enjoined to discover impediments and enablers of this process and to look for ways in which firms can integrate these processes with its more familiar states and processes, such as its strategy, culture and behaviors (Grover & Davenport, 2001) . While this is certainly necessary for knowledge not considered to have strategic value, another stream of research needs to investigate moving tacit knowledge directly into outcomes so that strategically important and competitive knowledge might be protected.
Kulkarni, Ravindran and Freeze (2006) formulated a knowledge management success model that focused exclusively on explicit knowledge, because successful knowledge management practices may not be uniform between the two types of knowledge. Another reason may have been the requirement to make tacit knowledge explicit in order to measure its quality, although this was not mentioned in their article. Hansen, Nohria and Tierney (1999) found that successful consulting firms rely on a strategy of knowledge management that is primarily codified (explicit) or primarily personalized (tacit), depending upon the services offered. They found that consulting firms that offer solutions to repetitive problems rely primarily on a codification strategy, while those that offer highly customized solutions for unique problems rely primarily on a personalization strategy. While the personalization strategy attempts to make the reuse of tacit knowledge more efficient, it must render the knowledge in explicit form before it can be managed.
We argue that not all tacit knowledge should be made explicit and that management of tacit knowledge is possible without having to make it explicit. In order to do so, however, the knowledge must first be identified and classified as tacit or explicit and its strategic importance must also be identified. To do so would require a reliable and valid metric to help knowledge managers resist the temptation to classify anything not well understood as "tacit." We believe that tacit knowledge is identifiable based on its characteristics and that it need not be rendered explicit during this identification process.
The purpose of this article is to present a description of the components of tacit and explicit knowledge and the results of the development of a survey instrument designed to tap these components. Tacit knowledge cannot be measured directly, but must first be made explicit (Osterloh & Frey, 2000) . Such a transformation dilutes and skews the measurement and is analogous to the sort of destructive testing that occurs in manufacturing in the hopes that the measurement of a few products (which must be destroyed to complete the testing) is representative of those that remain. However, by allowing subjects to identify specific characteristics of the knowledge used in the completion of a task, we are able to classify the knowledge as being either tacit or explicit or somewhere in between. This eliminates the requirement to make tacit knowledge explicit and so can provide a more accurate estimate of its degree of tacitness. The following sections present the dimensions of tacit knowledge which have been drawn from previous research, discuss the nature of these dimensions and present an instrument aimed at measuring them. We then provide a discussion of how the scale might be used, the limitations of such a measurement, the implications to both theory and practice and some ideas for continued research in this area.
tHe DesCriPtioN
Knowledge is considered to be the basis of competitive advantage for organizations (e.g., Conner & Prahalad, 1996; Ghemawat, 1986) and its management is key to the success of the firm (Becerra-Fernandez & Sabherwal, 2001 ). The knowledge-based view of the firm posits that organizations with better knowledge resources and the ability to utilize them will fare better than other organizations across the competitive landscape. The value of any particular knowledge resource is, of course, dependent on the situation to which it is being applied. However, characteristics of knowledge, such as its tacit and explicit character, can have a broader influence on the ability of a particular piece of knowledge to enhance an organization's performance. For example, good customer service is probably more valuable for high-end, women's clothing retailers than it is for selfservice gas stations. However, if a high level of customer service at a women's clothing retailer is held tacitly by employees and later codified into easily teachable steps, this knowledge of how to serve customers well is more likely to leak to competitors. This leakage can prevent a competitive advantage from being sustainable, with competitive parity the result.
Tacit knowledge is knowledge that is difficult to describe and transmit to others, and in its pure form the user is unaware of its usage (Polyani, 1962) . It typically is created through personal experience, but the experience has occurred in the past and to such a frequency or repetition that the possessor is no longer aware of the particulars of its existence (Hasher & Zacks, 1979) . It becomes a habit or routine (Nelson & Winter, 1982) . Explicit knowledge, on the other hand, is completely transmissible-users are consciously aware of its usage-and its creation and usage is either very recent or infrequent such that the user is aware of its particulars.
These characteristics are of vital importance to managers and researchers as the competitive playing field expands, because they influence the nature of the creation, storage, transfer and use of knowledge. As such, knowledge that is more explicit can be knowingly created, stored in an accessible manner, easily transferred, and used in a conscious and intentional manner.
The nature of explicit and tacit knowledge may cause one to initially believe that focusing on explicit knowledge seems to provide more benefits (Alavi & Leidner, 2001 ). This is particularly true when knowledge needs to be transferred to many organizational members. However, there are some disadvantages of explicit knowledge that enable tacit knowledge to be a preferred choice in a variety of situations (Bloodgood & Salisbury, 2001 ). For example, explicit knowledge is easily transferred to competitors, intentionally or otherwise. Additionally, when it is used intermittently, explicit knowledge can lead to a greater variance in outcomes. Thus, awareness and understanding of both types of knowledge within an organization is important for managers so that the creation, use, transfer and protection of the knowledge can be used to create and protect competitive advantage.
Our approach to measuring the degree to which knowledge is tacit is based on its characteristics. We can cite four characteristics within the literature: 1) the degree to which the holder of the knowledge is consciously aware of it, 2) the degree to which the knowledge is expressible in oral or written form, 3) the degree to which the knowledge is demonstrable to others, and 4) the degree to which the knowledge is applied in a formal or informal manner. Our reasoning is that if we can identify what a person relies on in each of these categories as they work through a task, then it follows that the knowledge used to complete the task can be identified as either tacit or explicit. We use a sliding scale to do this so that knowledge may be placed along a continuum that ranges from fully tacit to fully explicit. Such a method offers the advantage that the knowledge need not be made explicit to measure it and it allows for the dependent nature of the relationship between tacit and explicit knowledge, that is, the two are not dichotomous, but reinforcing (Alavi & Leidner, 2001) . We now discuss each of these characteristics because they represent the constructs in our model.
Conscious awareness
Typically, when tacit knowledge is being used the user is not consciously aware of it. The tacit knowledge is built up over time and is stored in the individual in a manner that limits the individual's ability to explicate it. That is, although a knowledge base from previous experience is present, an individual may automatically (Nonaka & Takeuchi, 1995; Reber, 1993) utilize this knowledge base when needed but does not consciously think through the steps required to apply the knowledge. As an example, consider an experienced typist who does not consciously think about each key stroke but rather types words without being aware of exactly where each finger is on the keyboard at any given moment. Tacit knowledge is generally cued for use directly from the environment (Reber, 1993) , thus bypassing the consciousness of the individual. This reduced conscious awareness, as shown in Reber's (1967 Reber's ( , 1969 artificial grammar experiments, contributes to the inability of the individual to fully explain their behavior (Reber, 1969 (Reber, , 1989 . Conscious awareness is further described by cognitive load theory, which posits that the brain functions as a result of working memory and long term memory. Long term memory is formed by creating schemata from items found in working memory and that these schemata are automated as learning occurs (Paas, Renkl, & Sweller, 2004) . This automation in long term memory is what allows people to perform certain tasks without really thinking about it.
expressibility
Tacit knowledge is difficult to express to others (Polyani, 1962 (Polyani, , 1967 in either written or oral form. The main issue is the extent to which the knowledge cannot be codified and directly communicated to another individual. Much of the extant research has focused on written expressibility, but oral explication is generally regarded as equivalent. Consider a real estate market as an example. The maxim, "location, location and location" tends to drive decision making regarding the placement of commercial enterprises. Although a myriad of quantitative data may support placement of a retail outlet in one place, an experienced realtor may possess intuition (based on market experience) that he or she is unable to clearly express to others as to why that particular location may not be optimal. If asked about their decision, the realtors would likely be able to rank their ability to express their decision process along a continuum ranging from fully expressible to fully inexpressible. Doing so would reflect the (tacit) nature of their knowledge without having to actually express it (make it explicit).
Demonstrability
Demonstrability is represented by a person's ability to perform the necessary tasks based only on seeing an activity performed or seeing the results of an activity. The greater this ability is, the greater the reliance on tacit knowledge and the better able is the person to complete all the steps within a task without as much detailed explicit instruction. This is especially true in complex situations that contain steps that are relatively observable. An individual with the appropriate tacit knowledge can more easily perform the functions necessary to complete the task (Godfrey & Hill, 1995) . It is important to note that demonstrability may only have meaning if there is something that can be visualized as a final outcome or if steps are easily observable. Thus, working backwards may not always be appropriate, especially if it involves activities that have not yet been attempted (e.g., putting a man on the moon prior to 1969).
formal or informal application
The dimensions cited thus far directly affect a person's ability to store or to transfer knowledge. We now introduce how knowledge is applied in a given situation as a measure of its degree of tacitness. When an individual undergoes training or experiences a task in a step by step fashion, the individual is initially cognizant of the steps he or she has learned. At these early stages of learning and practice, the individual is explicitly trying to remember and use the steps. Over time the steps become second nature, and the individual loses cognizance of their existence in their memory (Nelson & Winter, 1982) . Reliance on the steps becomes automatic by nature. Individuals who use this knowledge at a later date are likely to appear to have jumped to a conclusion even though they have implicitly followed the steps without realizing it. In the case of an individual not realizing he or she has followed implicit steps learned long ago, it can appear that the individual is using a disorganized or informal approach to complete a task (Scribner, 1986) because specific steps are not consciously identified and explicitly followed. Thus, the logic of the individual's actions appears to be missing when viewed by an outsider, similar to intuition (Reber, 1993) . When the steps are not already learned, or at least not learned as well, the individual is more likely to knowingly follow the explicit steps in a formal manner. The degree to which a person can recall that the steps he or she used in performing a specific task is based on prior learning of the task is reflective of the degree of informality of his or her thought process. Thus, the higher the reliance on prior learning, relative to current learning, the greater the use of tacit knowledge by the individual. We distinguish prior learning from newer learning by the effect it has on how an individual uses it. While newer learning is characterized by adherence to specific rules that still require mindful application, prior learning is already committed to the subconscious through experience and is used without the individual being aware of the specific steps involved. The individual may realize he or she is relying on prior experiences but they are unable to accurately identify all of the steps that are followed. Thus, when knowledge is used from prior learning the mental process used to apply the prior learning appears more informal than when knowledge from current learning is used. When current learning is relied upon, the individual is more likely to be seen as using the specific, concrete steps associated with the current learning. This process takes on a more formal character as compared to when prior learning is used. Theses arguments follow from Scribner (1986) , who suggests that the use of previously learned knowledge (working knowledge) is typified by an ad hoc approach and maintains a more informal character compared to currently learned knowledge that tends to be applied in a formal, step-wise fashion. We gain additional support from Wagner and Sternberg (1986) who reiterate this point when they speak of the perceived disorganized nature of tacit knowledge stemming from its prior learning. Therefore, our measurement of the use of formal or informal mental processes is indirectly captured using items relating to prior learning.
Our hypothesized model is depicted in Figure 1 .
the Measure
It is apparent that the ability to measure knowledge would be very useful to organizations. Organizations could better determine the extent to which they can successfully complete future projects, improve existing processes, and, in general, compete against other organizations so long as they know what is tacit and should be made explicit and what is tacit and should be protected (not made explicit). But measuring knowledge, and in particular tacit knowledge, has continued to be a thorn in the side of academic researchers and managers, because there are several aspects of knowledge that magnify its difficulty of measurement. There is the volume of knowledge, its form, its detail, and its value to name a few. The more of these aspects we simultaneously concern ourselves with, the more difficult measurement becomes. We suggest an initial step toward measurement would be to ascertain how much a particular type of knowledge is relied upon by an individual when working on a project. This approach would focus on the relative degree of a type of knowledge that is used.
Because the tacit nature of knowledge has received significant theoretical attention (cf. Alavi & Leidner, 2001) , we have chosen it as the focus of this exploratory study. We have also selected information technology (IT) as the research domain because of the inherent nature, and therefore importance, of information and knowledge to this industry. IT organizations develop automated systems that help users process information into knowledge. In so doing, the IT worker must elicit both tacit and Formal or Informal Application explicit knowledge from users. In addition, the IT workers themselves also possess both tacit and explicit knowledge that is used for developing these systems. These conditions make IT workers an excellent occupational group to use as the basis for the study.
Factor analytic techniques suggest that constructs and other manifest variables can be measured indirectly using indicators or observed variables that are reflective of the underlying constructs. The development of our instrument follows this technique by creating items thought to reflect conscious awareness (CA), expressibility (EX), demonstrability (D) and the degree of formal or informal application (F/I) of the knowledge with respect to a given task. As an example, we ask a subject to what extent he or she is consciously aware of the steps required to complete the task. Answers that indicate a greater awareness are reflective of explicit knowledge, while answers that indicate less awareness are reflective of tacit knowledge.
We created a 27 item pool, each of which was intended to capture one of the dimensions previously discussed so that we could identify a subject's perceived reliance on tacit and explicit knowledge and avoid the problems associated with attempting to identify the actual knowledge itself. We geared the items around a project task that would take about a week to complete. The items were worded in a manner that would identify the degree to which the subject relied upon either tacit or explicit knowledge to complete the project. By allowing the subject to rank each item from relied upon "completely" to relied upon "not at all" we are able incorporate the bipolar and continuous nature of the tacit/explicit knowledge construct and limit the subject's need to make the tacit knowledge explicit.
We next submitted these items to a number of knowledge management researchers who made suggestions for removing ambiguities in the wording of the items. They also categorized the items based on similarities into each of the four constructs we formulated according to our theory. We then compared the results of our experts and our original items and their groupings.
As a result of these analyses, some adjustments were made to the wording of some of the items in order to remove ambiguities and to place each item clearly into one of the dimensions. The instrument uses a semantic differential presentation, which was converted into an electronic format that could be administered via the Internet. The instrument asks each subject to what extent each subject considered his or her actions taken during a specific assignment to be based on those things thought to reflect each dimension of tacit or explicit knowledge. The software then computes a score ranging from 1 to 5 depending upon where the subject places an electronic slider between the two anchors. Lower scores indicate a greater reliance on tacit knowledge; higher scores indicate a greater reliance on explicit knowledge. Some items are reverse scored because wording of those items elicited responses in the reverse direction.
The resulting instrument was then pilot tested using students in an advanced MIS course upon completion of a semester long project. Results were then tested for internal consistency and dimensionality using exploratory techniques. Further refinement of the precise wording of each item and the delivery protocol was made after analyzing these preliminary results. The resulting survey is presented in the appendix.
We next submitted the instrument to another class of advanced MIS students in computer networking fundamentals. These students were assigned a number of laboratory activities and wrote a report for each activity, which detailed their findings. The report included a synopsis of the work performed and a description of any variance from expected results. The activities chosen were ones for which the students had no prior experience, such as creating a Web server, an e-mail server, imaging, setting up a Windows domain controller with DHCP and DNS services, public key encryption, packet sniffing and others; but for which each student was required to have a substantial knowledge base in order to complete. For example, in order to complete a lab on packet sniffing, the student must know what a packet is and what operations are performed on the packet when it is transmitted from one computer to another, including the structure and use of the TCP/IP protocol suite.
The sample consisted of 23 junior and senior level information systems students with varying degrees of prior experience. Although the laboratory activities were chosen so that the students had no prior experience, the group of students had been using computers in such activities as programming, system analysis and design and database design and querying. The students therefore brought with them approximately the same level of educational experience and had approximately similar knowledge bases. The average age was 21 and the group consisted of 20 men and 3 women.
A total of 10 lab experiments were performed by each subject and our survey instrument was administered after each experiment. Thus, 201 observations were collected in all (accounting for some students who did not complete all the surveys). The results were analyzed both as a pooled group and as 10 sets of independent groups (accounting for each lab activity) for internal consistency and were factor analyzed. Factor analysis was performed to analyze the measurement model depicted in Figure 1 . Our premise is that if this model is supported by the data in terms of reliability and convergent and discriminant validity, then the resulting instrument can be used in subsequent tests in order to further investigate the nature of the structural model. Our analysis therefore does not test any hypotheses related to the underlying structural model, as would be performed in a confirmatory analysis (Anderson & Gerbing, 1988; Hatcher, 1994) , but merely evaluates the "nature of the latent factors that are responsible for covariation in the data set…" (Hatcher, 1994, p. 69) . This sort of restricted analysis, in which we have constrained some of the parametric values to zero based on the underlying theory allows us to respecify our model and re-estimate it in order to obtain an acceptable fit (Anderson & Gerbing, 1988) . To do so, we eliminated those items that cross load or do not load on any one factor, following accepted factor analytic techniques.
The results of our analysis are that a 16 item instrument demonstrates the best fit to our model. These items are marked with an asterisk in the appendix. Although one factor, demonstrability, had no significant loadings, it was stressed earlier that this dimension of tacit knowledge may not manifest itself in all cases. Because our subjects had no way of visualizing the final results of their projects, nor were the steps easily observed, we feel that the absence of this factor does not negate the theory. This dimension is very likely to appear in other situations where a clear picture of the final result is possible. In addition, the exploratory nature of this study and the unique problems which surface when using students involved in a learning situation compel us to include all 27 items of the instrument in the appendix. We discuss this further in the limitations section. Our analysis proceeds with our discussion of the statistical results from the 16 items we retained.
Coefficient alpha is used to estimate the internal consistency of the data and is reported in two different ways. In Table 1 , we provide the value of coefficient alpha for the entire data set and for the composite reliabilities of each factor. All values exceed generally accepted guidelines for minimum values (Hatcher, 1994) .
Based on these values, we can say that the instrument appears to be measuring consistently and reliably.
Construct validity is demonstrated when the data collected fits the hypothesized model, and the results of the analysis show the items to load in such a way as to be interpreted according to Figure 1 , while the model supported by the data is now displayed in Figure 2 . Exploratory factor analysis applied to the data set indicates that three of the four factors which appear in the hypothesized model ( Figure  1) , are supported by the data.
In order to assess convergent and discriminant validity, we attempt to determine whether the items converge to a particular factor (convergent validity) and only to a particular factor (discriminant validity). We use factor analysis to assess convergent validity and a chi-square test, a confidence interval test and a variance extracted test to assess discriminant validity (Anderson & Gerbing, 1988 , Hatcher, 1994 . Table 2 displays the factor loadings, standard errors and t-values for each item. Good convergent validity is demonstrated when each t-value is significant (i.e., > 1.96 for a large sample at the 0.05 significance level) and should be at least twice the value of the standard error (Anderson & Gerbing, 1988) . Data presented in Table 2 support these requirements in every case, thus providing good support for convergent validity. The highest standard error (0.07) represents only 17.5% of the lowest factor loading (0.40, item 22, "Repetition"), and all t-values greatly exceed the 1.96 minimum.
To demonstrate discriminant validity, we perform a chi-square test, a confidence interval test and a variance extracted test on each of the factors (cf. Hatctcher, 1994) . Table 3 displays the results of the chi-square test, indicating that the model with three factors provides a better fit than one with a single factor. Table 4 shows that the confidence interval for the correlations of the three factors is below one, which indicates that the factors are not perfectly correlated as expected.
A variance extraction test compares the results of the composite reliability for each factor (taken two at a time) with the squared correlation between them. Discriminant validity is demonstrated when the variance extracted estimate exceeds the correlation. This is shown in Table 5 with the estimates of variance extracted on the diagonal.
Due to the nature of the research, our model fitting analysis seeks to specify an initial tentative model, which can be tested and modified in order to find a model that not only fits the data statistically, but also allows us to provide a meaningful interpretation of each parameter. Our process consisted first of screening the data for unreasonable values, outliers. We then performed an exploratory factor analysis to determine the number of factors to retain (discussed in an earlier section), and we evaluated the squared multiple correlations. We then examined the measures of overall fit. Formal or Informal Application goodness of fit, AGFI, = 0.86). The model fit seems to be more than adequate and is surprisingly good for an initial data collection set. The theorized relationships appear to hold, and the fitted model seems to accurately depict the hypothesized one. We found no unreasonable values or anomalies, no outliers and the squared multiple correlations are reasonable. In addition, all fit indices indicate a good fit (e.g., adjusted
DisCUssioN
Because of the usefulness of knowledge throughout an organization (Miller, Fern & Cardinal, 2007) , a major goal of knowledge management in the organization is currently to codify knowledge so that more people in the firm have access to it (Klein, 1998) . There are a number of valid reasons for this, and a number of ways employees can be motivated to do this (Osterloh & Frey, 2000) , but when the knowledge held by workers is of such strategic importance that competitiveness may suffer if certain components are made public, then the current goal of codification may not always be appropriate. If managers are able to identify those portions of organizational projects that require tacit knowledge components, then a decision can be made to attempt to extract the knowledge and make it explicit for others in the organization or to protect it to help maintain competitiveness.
Without the means to measure the components of knowledge that determine its tacit or explicit character, managers will have difficulty optimizing the use of knowledge in their organizations. One of the primary goals of this study was to develop a measure for tacit and explicit knowledge. We are unaware of any scales that seek to classify activity components into either tacit or explicit, and so the development of our scale proceeded from scratch and was guided only by our knowledge of the theory. The resulting 16 item scale provides reliability and validity both from a statistical standpoint and from a theoretical one. Identification of tacit knowledge components is necessary to inform and train additional workers in these skills on the one hand and to protect competitiveness on the other.
As an example where the use of this scale might be appropriate within the IT field, consider a firm engaged in custom software development. A market leader in this field may enjoy a competitive position because it can expeditiously turn out products that are of the highest quality and of great use to end users. In short, the firm creates end user applications quickly that perform to the users' specifications. If the firm can identify the pockets of tacit knowledge among its senior developers, it might decide to make it explicit and allow less experienced developers benefit from this knowledge. Such a decision, however, must be tempered with the realization that the newly codified knowledge may be easier for competing firms to exploit. In any event, the identification of those components of tacit knowledge is important and the scale presented herein is a first step toward achieving that goal.
liMitatioNs, iMPliCatioNs aND fUtUre researCH
This study has some limitations. The study utilized subjects who were students engaged in a relatively explicit task. This could limit the generalizability of the findings. Although it is important to examine situations that range from highly tacit, mixed tacit/explicit, and highly explicit, this first study only examined a predominantly explicit task. Therefore, it may not generalize to tasks that are more tacit in nature. Certainly, future studies can focus on a variety of tacit and explicit situations in order to gain a more complete understanding of the usefulness of the instrument. One approach would be to utilize a field experiment design and obtain responses from practitioners with greater experience levels.
Another limitation with this study is the potential ambiguity surrounding the tacit end of the scale. There is some question as to whether tacit knowledge is being measured or the subjects' responses are simply demonstrating a lack of knowledge. To illustrate, consider a student who responds to item 17, which asks the subject to what extent his actions seemed instinctive vs. reasoned or considered. If this student had not learned the material well, then his response might well be that it was instinctive (indicating a tacit component), because the student would be unable to explain it. Although the theory and research used to support the construction of the instrument provide extensive support for measuring the tacitness of knowledge, we felt that additional assurance that tacit knowledge was being measured (as opposed to a lack of knowledge) would be beneficial. Therefore, we decided to utilize a secondary examination of the data based on the Reber's (1993) theory from evolutionary psychology that states that the use of tacit knowledge results in relatively less variability in performance than does the use of explicit knowledge. In order to apply this theory and test our sample, we divided the sample into two parts-one part includes those whose score was below the theoretical mean (n 1 = 37) and the other includes scores above this mean (n 2 = 140 1 )-and compared the standard deviation of performance scores between the groups. Performance scores for the group which relied more on tacit knowledge had a standard deviation of 2.3; while the standard deviation for the explicit group was 4.6. Although not conclusive, we believe that this computation provides additional support for the validity of the instrument itself.
Finally, a third limitation involves the inability to measure tacit knowledge directly. Based on the previous discussion about the nature of tacit knowledge and the problems associated with attempting to directly measure it, we felt that an indirect approach was the best way to examine it. By limiting the instrument to address a recall of behaviors that reflect the characteristics of the knowledge required to complete the task and not the actual knowledge used in the behavior, we feel that this problem is substantially reduced. At this point in time there is no perfect way to measure the exact amount of tacit and explicit knowledge possessed and used by an individual, however we believe that this study is an important first step toward that end.
The usefulness of the instrument will be established through its use and extension in future studies. If the instrument or future iterations of it are found to be useful in the identification of tacit and explicit knowledge, there are several areas within information systems that we see as potential users of information collected from the instrument. Here are but a few:
1. In the area of systems analysis, IT workers are charged with making sense of business processes and converting these processes into automated systems; 2. Knowledge workers who elicit tacit knowledge from domain experts can identify tacit and explicit components and focus their attention on those that need to be codified; 3. Data modeling and normalization of data structures is an enormously complex activity that contains largely tacit components.
Identification of these components might make it easier to understand and model efficiently; and 4. Programmers are sometimes hired to be ad hoc systems analysts. For those companies who hire programmers who must "figure out" the business processes and convert them into systems, the use of tacit knowledge is pervasive and not easily passed along to new hires. For this group turning tacit knowledge into explicit knowledge might improve competitiveness by reducing development time.
Strategic value in information systems and therefore competitive advantage are obtained through such things as:
1. The time to implement a new system: the quicker one firm can do it, the more likely they are to acquire first mover advantages and increase market share; 2. Software quality: the higher the quality of the product, the higher the customer loyalty and the more business the firm is likely to receive; and 3. Software capability: the more it is user friendly, the greater its ability to withstand adverse events (viruses, locking up or other security issues), and the better its performance under load, the more likely the firm will obtain more business. 4. Worker-Task alignment: appropriate matching of workers with tasks may enable firms to increase utilization of tacit and explicit knowledge bases, thereby enhancing organizational performance (Chen & Edgington, 2005) .
5. Paying attention to geographic career mobility of employees: Career mobility can influence knowledge transfer (Almeida & Kogut, 1999) so firms should identify the most strategically valuable human resources (those possessing important knowledge bases) and do more to increase their job satisfaction in order to increase employee retention where appropriate.
If this proves too difficult or ineffective, firms can focus on knowledge extraction or codification before employees become disenchanted and leave the firm. The optimal course of action will depend on the explicitness or tacitness of the knowledge to be transferred.
Within these strategic areas, managers need to know what knowledge to protect and how to protect it from competitors. Competitors can hire away people with such knowledge or they can engage in less than honest methods of obtaining it, but in general the more tacit the knowledge is, the more difficult it is to extract and utilize.
These same characteristics hold true for internal transfer of knowledge. However, knowledge sharing can be amplified by paying attention to reputational enhancement of employees, experience levels, and network embeddedness (social capital) that employees possess (Wasko & Faraj, 2005) . Thus, identifying when and where knowledge is more tacit and likely to result in protracted transfer procedures, organizations can introduce additional mechanisms to speed up transfer when and where it is deemed appropriate. For example, interdivisional knowledge has been shown to more strongly influence invention than either intradivisional or interfirm knowledge (Miller, Fern, & Cardinal, 2007) . Thus, a focused knowledge transfer strategy would likely provide greater returns than would a more general policy for the organization. There are also additional benefits to this because a firm's future absorptive capacity can be positively influenced by accessing and transferring new knowledge (Todorova & Durisin, 2007) . Therefore, a firm can increase its ability to manage knowledge it comes across in the future.
CoNClUsioN
This study presents a theory of tacit and explicit knowledge in terms of the components that reflect the degree of tacitness of knowledge. We do so in order to present a scale that can be used to identify whether individuals rely more on tacit or explicit knowledge in the completion of a task and to identify what tasks might be more conducive to either tacit or explicit knowledge. That is, some work within organizations may require predominantly tacit or explicit knowledge by nature, and this nature may further be influenced by the individuals performing the work. If we can identify those areas in which people rely more on tacit knowledge, we can evaluate these areas in terms of competitiveness and decide whether to make this knowledge explicit or not. We may also be able to classify people as relying more on tacit or explicit knowledge in the performance of their duties and assign them accordingly. Such matching of individuals to type of knowledge work naturally would require additional research, and the instrument developed here may be helpful in that research. Note that n 1 + n 2 is less than the total sample of 201 observations. The reason for this is that some performance scores were removed because some grades were affected by late penalties, while others were graded as pass/fail.
aPPeNDiX
Mark an "X" along the line that conforms to your opinion regarding each item.
Now that you have completed your project, to what extent…

